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In  neutron  detection,  the  more  common  method  is  using  electronic  instrumentation  associate  with 
Bonner  spheres,  however,  currently  the  Nuclear  Tracks  Methodology  (NTM)  is  coming  popular  because 
of  the  simplicity,  flexibility  in  size  of  the  detector,  no  requirement  for  sophisticated  instrumentation 
and  installation,  and  low  cost.  In  this  work,  a  preliminary  result  of  the  dose  calibration  and  track 
diameter  distribution  of  Americium-Beryllium  (241Am-Be)  source  using  Nuclear  Track  Methodology  is 
presented.  As  material  detector,  CR-39  polycarbonate,  cut  in  1.8  x  0.9  cm2  chips  was  chosen,  and  two 
step  chemical  etchings  after  neutron  exposure  was  used  to  develop  the  tracks.  The  irradiations  were 
made  in  environmental  normal  conditions,  in  the  ORNL  neutron  calibration  facilities.  The  CR-39 
chips  were  placed  in  a  phantom,  with  3mm  plastic  (Lexan)  sheet  in  between  the  source  and  detectors  to 
increase  the  proton  generation.  The  total  track  density  and  track  diameter  distribution  was  performing 
in  a  Counting  and  Analysis  Digital  Image  System  (CADIS),  developed  at  the  Institute  of  Physics  of  the 
University  of  Mexico  UNAM.  The  results  are  compared  with  a  standard  survey  instrument  and  energy 
reference  spectra  of  the  International  Atomic  Energy  Agency  (IAEA). 


1.  Introduction 

The  neutron  detection  is  not  a  simplest  issue:  a)  first 
neutrons  are  indirectly  ionizing  radiation,  they  need  to  have 
an  interaction  with  the  mater  to  produce  ionizing  particles; 
b)  very  different  reaction  can  be  produced  by  the  neutrons 
with  the  matter,  as  (n,a),  (n,p)  and  (n,g),  dealing  with  the 
detection  of  the  reaction  particle;  c)  the  neutron  energy 
distribution  from  epithelial  to  fast  neutrons;  d)  the  cross 
section  for  each  particular  reaction  ;  and  e)  the  generation  of 
strong  field  of  betas,  X-rays  and  g  radiations  [1-2].  All  these 
considerations,  plus  some  more  experimental  problems 
makes  hard  the  neutron  detection  and  very  complicated 
to  have  a  good  accuracy  in  the  characterization  of  neutron 
radiation  fields.  The  most  common  detection  method  is  the 
use  of  electronic  instrumentation,  but  no  mater  this  system 
will  require  the  change  of  sphere  of  different  materials 
and  sizes.  Since  the  introduction  of  CR-39  polycarbonate 
as  detection  material,  other  option  for  the  neutron 
measurements  is  the  use  of  the  Nuclear  Tracks  Methodology 
(NTM) .  The  main  advantage  of  using  NTM  in  fast  neutron 
dosimetry  and  measurements  is  the  insensitivity  to  photon 
and  beta  exposure,  low  energy  threshold,  no  changes  in 


a  considerable  variation  of  environmental  conditions  as 
temperature,  humidity,  barometric  pressure  and  altitude, 
plus  a  wide  range  of  neutrons  energy  and  considerable  low 
cost  compared  with  the  electronic  systems  [3-4].  In  this 
work,  a  preliminary  results  of  dose  calibration,  efficiency 
detection  and  diameter  distribution  for  241Am-Be  neutron 
source,  using  CR-39  Nuclear  Track  Detectors  (NTD)  are 
present.  In  collaboration  between  the  Oak  Ridge  National 
Laboratory,  and  Dosimetry  Applications  Project  group 
(DAP)  of  the  Physics  Institute  of  the  University  of  Mexico 
(UNAM),  important  results  were  found,  providing  a  very 
promising  basic  experimental  methodology  for  future 
developments  on  the  neutron  detection,  neutron  dosimetry 
and  energy  analysis. 

2.  Experimental 

2.1  Material 

After  several  studies  of  different  polymeric  materials  [3-7],  it 
was  founded  that  most  of  the  plastic  materials  shown:  a)  low 
sensitivity;  b)  small  cross  section  to  produce  recoiled  nuclei; 
c)  large  critical  angles  for  detection;  and  d)  inhomogeneity 
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through  the  material  by  self,  for  the  fast  neutron  detection. 
But  most  of  these  no  desired  characteristics  for  the  neutron 
detection,  was  solve  with  the  appearance  of  CR-39  as 
detection  material  [8-10].  Since  the  80s  was  choosing  as 
the  material  for  neutron  detection  using  the  NTM  [11-13]. 
This  development  was  so  important  that  these  days  the  use 
of  NTM  and  the  use  of  CR-39,  is  consider  as  basic  method 
for  neutron  dosimetry  inside  of  the  European  organizations 
[16]:  CENDOS  (the  Co-operative  European  Research 
Project  on  Collection  and  Evaluation  of  Neutron  Dosimetry 
data),  and  EURADOS  (The  European  Radiation  Dosimetry 
Group).  For  this  work,  CR-39  polycarbonate  was  chosen 
as  neutron  detection  material,  cute  in  small  chips  for  the 
producer  Landauer®,  of  1.8  x  0.9  cm2  [1,11]. 

2.2.  Irradiation 

The  plastic  detectors  were  irradiated  in  normal  environmental 
conditions,  using  the  ORNL  neutron  calibrated  facilities, 
under  very  high  controlled  conditions.  The  CR-39  chips 
were  placed  in  phantom  at  50  cm  from  the  241Am-Be  source, 
following  the  IAEA  recommendations  [17-19],  using  a  3 
mm  Lexan  (plastic)  sheet  in  between  the  neutron  source 
and  CR-39  detectors.  With  the  Lexan  sheet  the  proton 
generation  will  increase,  obtaining  better  sensitivity  in  the 
detection.  In  Figure  1,  is  show  the  experimental  arrangement 
for  the  neutron  irradiation.  The  CR-39  chips  are  overlaid 
with  a  thin  sheet  of  PMMA  for  enhanced  charged-particle 
production  at  the  detector  surface. 


£ 


Figure  1.  Exposure  of  CR-39  polycarbonate  (centered  on  PMMA 
phantom)  to  a  241AmBe  neutron  field. 


2. 3.  Chemical  Etching  and  Reading 

Before  the  irradiation,  all  the  detectors  were  peeled  from 
the  125  pm  protection  foil,  and  pre-etched  chemically  in 


KOH  6.25  M  solution  at  70±1°C  for  2  hours,  in  order  to 
eliminate  the  surface  impurities  on  the  production,  scratches 
and  the  hardness  on  the  detector  material  surface.  After  the 
pre-etching  process,  all  the  detectors  were  washed  in  distilled 
water  and  dried  in  air  at  32±3°C.  Then  the  detectors  are 
placed  in  3mm  Lucite,  this  Lucite  arrangement  in  front  of 
the  phantom  for  the  irradiation  and  in  front  of  the  detectors 
another  3mm  Lucite  sheet  between  the  detectors  and  the 
radioactive  source.  At  the  end  of  the  neutron  irradiation 
time,  the  detectors  are  taking  out  and  sent  to  the  one-step 
chemical  etching  in  6.25M  KOH  solution  to  60zhl°C  for  8 
hours.  After  the  chemical  etching,  the  detectors  were  again 
washed  in  clean  running  water  for  15  min,  and  each  was 
sandwiched  to  be  dry  in  a  desiccant  paper.  In  Figure  2,  are 
shown  a  microphotography  of  the  nuclear  track  detector 
surface  after  the  etching  procedure:  a)  an  unirradiated 
detector;  and  b)  neutron  irradiated  detector  with  formed 
tracks  in  the  CR-39. 


Figure  2.  Nuclear  track  detector  showing:  a)  unexposed;  and  b) 
formed  tracks. 

3.  Results  and  Discussion 

3. 1  Detection  Efficiency  Determination 

Using  the  CADIS  system,  the  track  density  was  determinate, 
as  was  mentioned  before.  For  this  measurement,  only  the 
circular  tracks  or  with  a  relationship  of  minor  diameter 
d  and  major  diameter  D ,  between  0.8  and  1.0  was  consider, 
to  avoid  the  problem  of  critical  angle  of  the  NTD  in  each 
detector.  For  the  efficiency  determination,  15  detectors 
were  irradiated  at  the  same  time,  chemically  etched 
simultaneously,  and  track  density  read  with  the  same 
operational  condition  on  the  CADIS.  The  average  value  of 
the  track  density  founded  was  3357T70  tracks  cm-2.  The 
241Am-Be  source  certificate  shows  that  the  radioactive  source 
had  1.2705  X  107  n-cmV1  at  the  calibration  date  (02/ 
May/ 1966),  with  a  half-life  of  432  years,  and  considering 
the  correction  emission  rate  (n-s_1)  at  the  distance  of  50  cm, 
the  fluency  rate  was  379  n-cm~2s_1  (01 /July/2005).  In  four 
hours  irradiation,  the  total  neutron  flux  was  5.463  X  106 
neutrons  cm-2.  The  efficiency  E  is  calculated,  resulting  a 
value  of:  E  =  6.144  X  10“4  tracks  neutron1. 
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This  value  E  is  compared  with  the  efficiency  reported  for 
other  authors  [13]  and  confirm  the  validity  of  our  detection 
procedure.  The  reading  of  the  total  track  density  and  track 
diameter  distribution  was  performing  in  a  Counting  and 
Analysis  Digital  Image  System  (CADIS),  consisting  of  an 
optical  microscope  with  1 00X  magnification,  with  electronic 
ocular  USB  associate  with  a  PC  or  lap-top,  and  a  IFUNAM 
Digital  Counting  software  (registered  by  UNAM™), 
following  a  very  well-established  protocol.  In  Figure  3  is 
shown  the  automatic  counting  system  used  (CADIS),  and 
Figure  4  shows  the  digital  image  generated  for  the  analysys. 


Figure  3.  Automatic  counting  system  used  (CADIS-IFUNAM). 


Figure  4.  Digital  image  generated  by  the  analysis  with  the  CADIS 
system. 

3.2.  Dose  Response 

For  the  dose  response  analysis,  the  same  procedure  with  the 
detectors  and  irradiation  system  conditions  was  follow.  Doses 
from  0  to  4.2  mSv  was  given  to  the  CR-39  detector,  using  10 
detectors  for  each  dose  (0,  1.3,  2.4,  3.3,  4.2  mSv).  After  the 
irradiation,  the  same  protocol  for  the  chemical  etching  and 
reading  was  observe.  As  is  shown  in  Figure  5,  the  response  of 
the  NTD  results  linear  as  function  of  the  dose. 


Figure  5.  Dose  response  of  the  CR-39  to  241Am-Be  neutrons. 


Figure  6.  Track  distribution  of  241Am-Be  track  diameters. 

3. 3.  Track  Diameter  Distribution 

The  analysis  of  the  track  diameter  distribution  was  done 
with  an  automatic  system  CADIS,  always  following  the 
same  protocols  [20-24].  The  result  histogram  is  shown  in 
Figure  6.  As  is  very  well  known,  the  track  diameter  is  a 
function  of  the  deposited  energy,  in  this  case  the  energy  of 
the  fast  neutron  in  interaction  with  the  Lexan  produce  recoil 
protons,  and  these  protons  are  detected  by  the  CR-39.  If  the 
track  diameter  distribution  histogram  is  compared  with  the 
241Am-Be  energy  spectra  [18,  25],  show  a  good  agreement 
between  the  electronic  and  the  NTM  spectra. 

4.  Conclusions 

The  neutron  detection  is  not  a  simple  procedure,  the 
electronic  detection  system  is  sometimes  the  solution,  but 
there  are  other  options  for  neutron  measurements;  one  is 
using  the  NTM  and  the  NTD  with  polycarbonate  materials 
as  detectors.  The  detection  efficiency  is  not  to  high  then  other 
detection  systems,  but  the  neutron  flux  can  be  measured 
with  reasonable  accurately  if  the  detection  efficiency  is 
known.  The  NTD  can  be  use  as  fast  neutron  dosimeters, 
with  high  confidence,  the  neutron  spectra  can  be  obtained, 
giving  a  fast  energy  distribution  of  the  neutrons.  These 
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two  methods  can  not  compete,  but  they  can  be  considered 
complementary  using  the  attributes  and  characteristics  of 
each  one. 
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